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(54) HOT MELT ADE 

(71) We, IMPERIAL CHEMICAL 
INDUSTRIES LIMITED, Imperial Chemi- 
cal House, Millbank, London SWIP 3JF, a 
Briti^ Company, do hereby dedare the in- 
5 vention, for which we pray that a patent may 
be granted to us, and the method by whiA 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 
Hhs inventira relates to hot melt adhesive 
10 compositions comprising ethylene copolymer 
suitable for use in making laminated glass 
windows, espedaUy motor vehicle windscreens. 

Laminated glass windows can be made by 
adhedvdy bonding together opposed surfaces 
15 of opposed fleets of ^ass by means of a hot 
mdt adhesive composition comprising a co- 
pdymer of etfiylene, acrylic and/or methacryiic 
add and one or more alkyl esters of acrylic 
and/or mediacrylic add. Sudi windows live 
20 adequate optical properties provided die im- 
purity content of the copolymer is kept reascm- 
My low and provided die temperature to 
whidi &e copolymer is heated during lamina- 
tion is careful)^ contrdled However higji levels 
25 of iixq>urity in the o^ymer and inadequate 
control of die temperamres at which lamination 
is carried out can lead to an c^ticd defea 
in glass laminates made using the copolymer 
which defect is referred to herein as "bhie 
30 haze*'. Blue haze if it is present in a glass 
laminate can normally be detected by shinmg 
a beam of white light through the glass lamin- 
ate v^ch preferably should be indined at an 
angle of 45® to the direction of die beam of 
35 li^t Under sudi conditions the laminate will 
exhibit a hazy pale blue colour if blue haze is 
present. 

By diis in^rention we provide a hot melt 
adhesive composition comprising an ethylene 

40 cqjolymer and from 0.05 to 2.5% by weight 
(based on die weight of the compositiwi) 
of an epoxidised oil which is an ester of one 
or more polyhydric alcohols with one or more 
unsaturated fatty acids >x^erein at least 50% 

45 by wei^t (based on the total wd^t of the 
adds) is composed of one or more ethylenically 
unsaturated or polyunsaturated adds contain- 
ing from 12 to 24 carbon atoms in their 



ESIVE COMPOSITION 

molecules and wherein die ethylene copolymer 
comprises from 2 to 10 mole % of copolymer- 50 
ised aaylic and/or methacryiic add and in 
addition at least some copolymeri^d acryhc 
and/or mediacrylic ester (die esterifying group 
being alkyl containing from 1 to 4 carbon 
atoms) and/or vinyl acetate diere bdng suffi- 55 
dent ester such that the ester and the add 
together constitote at least 4 mole % and not 
mace than 14 mole %« of the copolymer. It 
has been found that the use of hot mdt 
adhesives comprising epoxidised fatty acid oils 60 
allows larger amounts of impurities to be 
tolerated in the ethylene copolymers and 1^ 
stringent control of the temperatures used in 
making the laminated glass windows, espcdally 
motor vehide windscreens. ^5 

The oils which ^en epoxidised are most 
useful in the performance of this invention are 
the glycerides of unsaturated fatty adds whidi 
occur in vegetable oils such as com oil, cotton- 
seed oil, hempseed oil, linseed oil, peanut oil, 70 
dive oil, palm oil, sesame oil, poppyseed oil 
and sunflowerseed oil. However the preferred 
oil is soybean oil. Epoxidised fish oils may also 
be useful. The epoxidisation of the polyesters 
may be carried out by any standard process 75 
sud^ as those described on pages 253 to 256 of 
volume 8 <rf the second edition <rf **The 
Encyclopedia of Chemical Techndogy " edited 
byR.£.R^andD.F. Oihmer and published 
by Intersdence. Prderably the epoxidised oils 80 
used in the performance of diis invention 
^uld have a mdecular weight of htm 800 to 
1,200. Examines of commerdally available 
epoxidised oils include " Harflex" 2020 (Wal- 
lace and Tieinan Inc) and " Paraplex " GG2 85 
(Rohm and Haas CcHnpany) and ''Estabex" 
2307 (Akzo). "Harflex" and "Paraplex" 
are registered Trade Marks. 

The ediylene copolymer used in die per- 
f onnance of this invention preferably comprises 90 
methacrydic acid and dther a methacrylate 
(espedally methyl mathacrylate) or an acrylate 
(particularly butyl acrylate). The preferred 
ethylene copolymer comprises from 2.65 to 
7.75 mole % of copcdymerised acrylic and or 95 
methacryiic add and copolymers comprising 
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Efmdt^J'^^y the ed,yie„e%al^^ 
nas a melt flow mdeac of fran 0.1 m 5 ras 

u . I. Method 105C: Procedure A\ 

120° C to250^^^ temperature, suitably 

20 meP! nfA* K,-^ reactioa To make copoly- 
™>iaweu.santti contmuous autoclave reactor 
m^!t^\^^i!^^^^ compositions of diis 

^i. r °™ to 1.15 mm in thick- 
ne». The foils may be employed in a Sv 

S SL'r P^"'*"^'" of^l^Ste^ 
^swmdows (e^eoaUy motor vehicle wind- 
30 Kf\i? «*»cb dieets of gkss with d,e 
'"^'^^ composition saiS! 

aut^le |ig, and the assembly is placed in a 
fleaWe bag of plastics or S bae 

35 ?3:i??"»8">'™ted,a„dthe4?dwS 
B placed m an oven, or in an air- or oil-heatS 
««o^ye. and heated to a temperature atoS 
fte softenmg pomt of the adhesive For Ae 
^melt adhesive compositions mplo^ la 
matang windscreens according to the i^em 
c"r?o? '^^f r ^ eeneSSy^^: 

r^J^l '^^ ^"^"'g is caiTied out for a 
pmod of about 15 to 30 mimites. HotoSct 

m^ oe used. The pressure of the atmosohere 
(when an oven is used) or the pressure aroS 
m an autodav^ provides for Lifonn coE 
and bonding between the curved sheee «f 

? sandwidi B removed from Ae bag 
and subjeaed to further heating at tOTTt.^ 
tures of from 110° C to ll)» O 
as^% is then cooled or allowed towl 

55 ml transparency of the hot 

malt adhesive composition, die 4idwWi is 
preferably cooled r rapSly asT JSbfe 
teea^gfof tl^*^ 
Alternatively, if ,t is more convenient to E 
the sandwich to cool slowly, full timwrenCT 

60 may be restored by reheating thTSd^ 
to a temperature of about IW)" c arrf A™ 
rapMly cooMng it. I„ eitheJ^ A^sSS 
widjes may be cooled by pluS SLffa^ 
hquid cooling medimn, ^Suyl^LT^tSJ 



at about 40° C to 65° C. Cooling may alter- 

The ^ass surfaces to be bonded may if 

So? tt ^"^.1^. » adhesion promoter 
oetorc the sandwich is assembled For ex- in 
ample, silan« of die type described" in Bridsh 
patent specification 1,095,700 may be «bS 
for this purpose. 

invaition we also provide a lamin- 
ated glass window (especially a motor vehicle 7s 

windscreen) oompnsing opposed sheets of glass 
whose opposed suifaoes are adhesively bonded 
together by means of the hot mdt adhesive 
cwnposmon heim disdosed 
^tovention is illustrated by the foUowing 80 

EXAMPLE 1. 
a-KA^^^ copol^ of melt flow index 
0.76 dg/10 mm and containing 12.6% bv 

L o^^^'f* "^thacrylic add and 85 
i-Ti copolymerised mediyl mcdi- 

7m m T J™'?*^'? thickness 
760 iim^ A 0ass lammate was produced bv 
^wichmg one layer of die foil tetween 

and heatiTO the sandwich for a total of ^ 
mm at 120° C. During the fim 20 mtouS 
at Has heating the sandwidi vras placed under 
?/?*^ ^ P^t between the 
filassand fed. The sandwidi ^vas heated for 95 

« 110° C and then 
quogi-cooled m water whose tempeiatuie was 

The laminate was cut in half and wie half 
TOs reheated for 1 hour at 160° C, then for 100 
30 minutes at 100° C and was finally quenched 
m water at 50° C as previously. The two 
halves were removed to a darkened room and 
eammed for blue haze by being placed in 
fte beam of light from a 1000— W nmgsten 105 
Oamoit prtqeaor bulb. The half diat had 
tieen heated for 1 hour at 160° C was found 
to snow a mariced bluish haze due to side- 
scattering of the light passing through the 
^^^•7^1 that had not been reheated UO 
to 160 C ^oned hole or no bhie haze in 
companson. 



EXAMPLE 2. 
Laminates were made as described in Ex- 
anq>le 1 usmgafofliModucedfrMnacopdy- 115 
aer vrfudi was die same as that desoibol 
in i^mple 1 excqit that it additionally con- 
lamed various rancentrations (as set out in 
mie 1) of ' Paraplcx G62' whidi is an 
wxidised soj'b<^n oil sold by Rdim and 120 
Haas Co. As m Example 1, one half of eadi 
specimen was heated to 160° C for 1 hour, and 
quendi-cooled from 100° C to 50° C 
The laminates were examined for blue haze 

as mBaniple land were found to show effects 125 
descnbed m TaWe 1. 
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TABLE 1 





Concentration 


Appearance : 


Sample 


of epoxidised 
soybean oil 
wt 


as laminated at 120^C 
and quench-cooled 


after heating 1 hr at 160°C 
and quench-cooling 


A 


0 


clear, no blue haze 


marked blue haze 


6 


0.125 


clear, no blue haze 


slight blue haze, 
better than A 


C 


0.25 


clear, no blue haze 


very slight haze, 
better than B 


D 


0.50 


clear, no blue haze 


better than C 


E 


1.0 


clear, no blue haze 


no blue haze 


F 


2.0 


clear, no blue haze 


no blue haze 



EXAMPLE 3. 
By a process similar to that described in 
Example 1, a glass laminate was made using a 
foil of the ethylene copolymer described in 
Example 1 except diat tbt copdymer also 
contained 1 wt % of a non-epoxidjsed cotton- 



seed oil. One half of the laminate was rdieated 
to 160** C for 1 hour, quendied and re-exam- 
ined. The laminates were examined for blue 
haze as in Example 1 and the results are set out 
in Table 2. 
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TABLE 2 







Appearance : 




Concentration 








of cottonseed 






Sample 


oil 


as laminated at 120^C 


after heating 1 hr at 160°C 


wt % 


and quenched 


and quenching 


G 


0 


clear 


blue haze 


H 


1 


clear 


blue haze 



Table 2 indicates that the use of a nwi- 
epoxidised vegetable oil does not help in reduc- 
ing blue haze. 

EXAMPLE 4. 
Laminates were made as described in Ex- 
ample 1 using a foil produced from the ethyl- 
ene copdymer described in Example 1 except 
that ilie copolymer also contained various 
concentrations of qx>xidised soybean oil as set 



out in Table 3. The lamination temperature 
cycle was modified so that each laminate was 
heated at 120** C for 30 minutes under vacuum 
then for 45 minutes at 160° C and 15 minutes 
at 100** C before being finally quench-cooled 
in water at 50* C 

The laminates were examined for blue haze 
as in Example 1 and found to ^ow the foUow- 
ing effects as set out in Table 3. 
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Sample 



I 
J 

K 
L 
M 



Concentration of 
epoxidised soybean oil 



.125 

.25 

.5 
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„. EXAMPLES. 

, Using a process similar to that Hp^mT,«^ 
faifrr^" i> ; glass laminate M^Lade^^^ 

ot polymer contaming, respectively, 0.^ 



Appearance 



marked blue haze 
slight blue haze 
slight blue haze 
no blue haze 

no blue haze 



025 0.5, 1.0 and 2.0 vrt °/ nf« t a » . 

fn.^ t i? ^ ™ ™® laminate was rehearwl 
for 1 hour to 160o r tu^^ fcneaiea 

Tahle4! ^ are set cwi m 





TABUB 4 


Concentration 
of epoxidised 
linseed oil 
wt % 


Laminate half 
as made 


Laminate half 
reheated 1 h 
at 160^ 


0 


clear, no blue haze 


marked blue haze 


0.125 


clear, no blue haze 


sliglit blue haze 


0.25 
0.5 


clear, no blue haze 
clear, no blue haze 


very slight blue haze | 
no blue haze 


1.0 


clear, no blue haze 


no blue haze 


2.0 

r WE CLATA/r T.^ 


clear, no blue haze 


no blue haze 
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IS'/^hf^ ojjoljraer and from 0.05 to 



-F^yroea acrylic and/or methacryEc ester 

* <?rbon atoms) and/or ^nn^ 
^^r^H ^ saffident 'ester Lch ±S 
wTmJL o/^^^"'* *°Sether constitute » 
^ 4 mde % and not more than 14 mole »/ 

w.r.h;- rc° «>n the total * *v°P"i3^«.. 

weight of the acids) is composed of^np «r -a • ^''Vosftion according to Claim i 

30 m«^ethylemcaUyu4aturated orpor4^^ flT^'^^^ ^ ^^k^ SZJ. 

ated aads comainine from i? r-f ^ polyhydric alcohol ester ofavegeffie 



35 



2 ^o/ hrrZl-t '^"er ana trom 0.05 to 
rampo»iti(m^ of an eptsidised oFi v*ich is an 
^^ ZrJ" '""'^ ^"^'^^ alcohSs^A 

eAyl^ copolymer comprises from W 

^^""^ Sett? 
acrylic aad and m addition at l4st som^ 



15 



4. AhotmdtadhesivBcompositioncampris. 



40 



45 



50 
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ing a copolyzner of ethylene with acrylic and/or iUustratsed by means d ifae nan-compazative 

mediaciyUc add and an aaylate and/or medi- parts oi Exan^^es 2, 4 and 5. 

aci^te and an cpoxidised ester ci a v^tal^ F. E. L^G. 

oa substantially as hereinbefore described and Agent for hit Applicants. 
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